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changing its pathogenicity and immune evasion capabilities. [2]
The virulence of SARS-CoV-2 has gradually decreased, and as of
April 2024, the Omicron strain is, now predominant, and has
shown lower mortality rates among hospitalised patients than
the wild-type, alpha, and delta strains. [3] Despite reduced
virulence, nosocomial COVID-19 infections are associated with
increased mortality, procedural delays, and extended hospital
stays [4] as well as higher mortality rates and long-term multi-
organ dysfunction than influenza. [5] Omicron strains, partic-
ularly, exhibit high immune evasion and transmissibility. [6]
Family infection rates were 36.4%, 29.7 %, and 42.7% for alpha,
delta, and omicron strains, respectively. [6] Given these
characteristics, stringent nosocomial infection control meas-
ures remain crucial. We observed a COVID-19 cluster of 129
patients with nosocomial infections between 15" November
and 26™ December 2022. This study aimed to examine the
challenges associated with these clusters and propose effec-
tive countermeasures.

Methods
Analysis period

St. Marianna University Hospital is a tertiary-level teaching
hospital with 1,175 beds.

In 2022, it admitted an average of 300 new patients daily,
with an average inpatient stay of 11 days. This study enrolled
newly diagnosed patients with COVID-19 in multibed hospital
rooms (eight patients per room) between 15" November and
26 December 2022.

Definition of hospital-acquired COVID-19 and analysis
method

During this period, all hospitalised patients underwent
reverse transcription polymerase chain reaction testing to
COVID-19 infection. All hospitalised patients were monitored
three times a day (morning, noon, and evening or bedtime) for
COVID-19 symptoms such as fever, upper respiratory symptoms,
and joint pain. Vital signs were measured at least once daily to
facilitate early detection of first patients with COVID-19 (FCPs)
and prevent the spread of infection. Patients with suspected
COVID-19 were promptly tested. SARS-CoV-2 testing was per-
formed whenever symptoms or vital signs indicated a potential
infection. To rule out the possibility that the patient was
infected outside the hospital and developed the disease fol-
lowing admission, COVID-19 for nosocomial infections was
diagnosed if: 1) the SARS-CoV-2 reverse transcription polymer-
ase chain reaction test results were negative at admission, and
2) COVID-19 infection developed >6 days after hospitalisation.
The FCP in each room was defined as the initial patient diag-
nosed with symptomatic COVID-19. Patients who spent more
than one night in the same room as an FCP were considered
close contacts. Those who subsequently developed COVID-19
were categorised as patients with post-exposure COVID-19
(PCP). The day of the diagnosis was considered day 0 of onset,
and the day of close contact was considered day 0 of exposure.
To test for COVID-19 infection, SARS-CoV-2 antigen quantifica-
tion assays were performed on days 0 and 5 for close contacts.
Close contacts were assessed for symptoms. Quantitative anti-
gen testing was performed in the presence of symptoms

suggestive of COVID-19, such as fever, upper respiratory
symptoms, or joint pain. If the test result from the close contact
was negative on the fifth day, the possibility of infection was
ruled out, and the patient could return to the general ward.

Once the FCP was identified, all patients in the same room
were tested for SARS-CoV-2 antigen quantification (day O of
exposure test). We classified the patients into two groups based
on the results of the day 0 exposure test. On the 0 exposure
test, if there were asymptomatic patients with COVID-19 in the
same room other than the FCP, the cluster was categorised into
the WA group, whereas cases where there were no other
patients with COVID-19 in the same room other than the FCP on
day 0 of the exposure test were categorised into the WoA
group. In the WA group, PCPs who tested positive on day 0 of
the exposure test were defined as DO-PCPs. Additionally, at the
time of the day 0 exposure test, none of the patients other than
the FCP showed symptoms suggestive of COVID-19. Those
diagnosed with COVID-19 were isolated in dedicated rooms for
patients with COVID-19. Close contacts remained in their
original room until 5 days had passed since close contact and
their antigen test was negative. We investigated the COVID-19
incubation period among the WoA and WA groups of close
contacts. In the WoA group, the differences in activity between
the FCP and PCP groups were compared. Patients who could
walk independently or with a cane were included in the highly
active group, whereas those who needed assistance from a
healthcare worker to walk or use a wheelchair, and those who
were bedridden comprised the low-activity group [7].

Ethics

The St. Marianna University School of Medicine Ethics
Committee approved the study protocol (approval number:
6069).

Results and discussion

There were 25 FCPs in the WoA group and 20 in the WA
group. Additionally, there were 46 PCPs in the WoA group and
38 in the WA group, encompassing 21 DO-PCPs. In the WoA
group, 59% developed COVID-19 on day 3 after close contact,
whereas in the WA group, 55% of close contacts had already
developed COVID-19 by day 0, and 92% had developed COVID-19
by day 3 (Figure 1). In the WA group, the incubation period was
analysed for 17 PCPs, excluding DO-PCPs. Of these, 47% of those
in close contact developed COVID-19 on the first day, and 71%
developed it by the second day. The difference in activity
between FCPs and PCPs was notable: 76% of FCPs were active,
whereas none were bedridden. In contrast, among PCPs, 48%
were active and 52% had low activity levels (Table I).

During the outbreak, >90% of the prevalent strains were BA.5
(Omicron). [8] Although nosocomial COVID-19 mortality was
reportedly reduced during the Omicron strain epidemic, some
studies suggest that this reduction is attributable to vaccination
or prior infection, with strain differences having minimal impact
on mortality. [3,4] In addition, Omicron exhibited higher
transmissibility than the pre-Omicron strains, highlighting the
ongoing importance of monitoring nosocomial infections. [6].

The incubation period of the Omicron strain was reduced to
approximately 3 days, whereas that of the Alpha strain was
approximately 5 days. [3] There are no data on the incubation
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Figure 1. Difference in incubation period between patients in the WoA and WA groups, including patients with post-exposure COVID-19.
The percentage of patients developing COVID-19 was calculated by dividing the number of patients who developed COVID-19 after close
contact by the total number of patients who had close contact up to the respective date.

Abbreviations: COVID-19, Coronavirus disease 2019.

period for nosocomial infections with Omicron strains. There-
fore, the definition of nosocomial COVID-19 infection was
established with an incubation period of 5 days. More than half
of the PCPs in the WoA group were antigen-positive on day 3,
and the incubation period for nosocomial infections did not
differ significantly from that for community-acquired infec-
tions (Figure 1). In contrast, in the WA group, DO-PCPs who
tested positive on day 0 accounted for 55% of PCPs, with 71% of
the remaining PCPs developing COVID-19 by the second day.
The short incubation period among close contacts in the WA
group suggests that they may have been infected not only by
the FCP but also by DO-PCPs. Therefore, the WA group was not
suitable for estimating the route of infection.

In the WoA group, the incubation period for PCP was
approximately 3 days, indicating potential effectiveness of
post-exposure prophylaxis in the future. Even during the Omi-
cron strain outbreak, >95% of cases among close contacts
tested antigen test-positive until the 6™ day of the illness,
supporting the rationale for transferring them to a non-COVID-
19 ward on the 6™ day after confirming negative antigen test
results on the 5% day.

In the WoA group, the FCPs were primarily active patients.
None of the bedridden patients, who had minimal contact with
anyone other than healthcare workers, became FCPs. This
finding suggests that patients with nosocomial infections are
unlikely to acquire SARS-CoV-2 from healthcare workers. Data
from the wild-type and Alpha strains indicated a low risk of
SARS-CoV-2 transmission from healthcare workers to patients.
[9] Even with the highly transmissible Omicron strain, the risk of
transmission from healthcare workers to patients remains low.
Since no molecular epidemiologic analysis has been performed,
the transmission route of SARS-CoV-2 in the WoA group FCP was
not fully understood in this study. In the BA.5 variant, upper
respiratory symptoms such as cough, nasal discharge, and sore
throat may take up to three days to appear after COVID-19
onset, and exposure to asymptomatic patients with COVID-19
during hospitalisation is possible. [10] Given that healthcare
worker-to-patient transmission is unlikely to occur and that
most FCPs are highly active, it is possible that FCPs may have
been exposed outside their rooms during conversations with
other patients or during visits. Therefore, in addition to imple-
menting infection control measures by healthcare workers, it is

Table |
IADL classification of patients with COVID-19
High activity Low activity
ADL Walk independently Walk with a cane Walk with the assistance Use a wheelchair with the Bedridden
of a healthcare worker assistance of a healthcare worker
FCP 56.0% 20.0% 4.0% 20.0% 0.0%
PCP 37.0% 10.9% 0.0% 26.1% 26.1%

Abbreviations: ADL, Activities of daily living; FCP, the first patient diagnosed with symptomatic COVID-19; PCP, patients with post-exposure COVID-19.
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crucial to ensure patients cooperation with infection control
practices, such as wearing masks and practicing hand hygiene.

Limitations

SARS-CoV-2 testing for close contacts was performed only at
symptom onset, except for testing on days 0 and 5. Therefore,
the onset of asymptomatic cases with COVID-19 may be esti-
mated later than it actually occurred.

Conclusions

An analysis of COVID-19 nosocomial clusters during the BA.5
epidemic revealed that transmission from healthcare workers
to patients was rare. The FCP may have contracted the virus
through visits or conversations between patients. Therefore,
cooperation from both patients and medical staff in adhering to
infection control measures, such as wearing masks and prac-
ticing hand hygiene, is crucial in preventing hospital clusters.
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